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Safety Coefficients Determination for Shear Strength Reduction
Method Based on Orderly Clustering

LIU Aihua, WU Junping, MA Chunde
School of Resources and Safety Engineering, Center South University, Changsha 410083, China

Abstract In order to accurately obtain the mutation point of displacement -reduction coefficient curve when using shear strength
reduction method, the method of orderly clustering analysis is brought in for the safety coefficient determination. First, the strength
reduction method and criterions of instability are introduced. In view of the system model changes before and after the mutation
breakdown point, especially displacement and plastic strain increase sharply, the orderly clustering analysis is used to find out the
mutation point. Since conventional Fisher optimal segmentation is not applicable to the progressive trend sequence, by integrating the
regression clustering thought, using fitting a polynomial as clustering center, the sum of squared residuals as regression class diameter, a
new orderly regression clustering method is set up. Based on the method, the displacement-reduction coefficient sequence is divided into
a stable segment and a buckling segment, therefore the mutation point is able to be ascertained, and the corresponding reduction factor is
the safety factor of the system. The typical examination question of EX1(a) from ACDAS is used to prove the feasibility of the method, the
result for the method is consistent with that for solve fos method of Flac3D and closes to the standard answer. Finally, a discriminant of
the system state is established, it is more convenient and practical.
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Fig. 2 Model for the examination question of EX1(a)
from ACDAS (unit:m)
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Table 1 Statistics of the answers for the test problem
EX1 (a) of ACDAS

b AR S % B
Bl GREE P Fa
(ALL) 0.991 0.031 0.940 1.080 32
Bishop 0.993 0.015 0960 1.030 18
Janbu 0978 0.041 0940 1.043 7
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Table 2 Displacement with different strength
reduction coefficients

IR £ /m
0.91 0.00115
0.92 0.00137
0.93 0.00174
0.94 0.00220
0.95 0.00296
0.96 0.00418
0.97 0.00547
0.98 0.00720
0.99 0.00980
1.00 0.01431
1.01 0.02261
1.02 0.07193
1.03 0.76072
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Fig. 5 Change curve of the square sum of residues for
both front and rear segments
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Table 3 Results of discriminant calculation

F, AS(7)
1.019 0.01263
1.020 0.00131
1.021 —0.00758
1.022 -0.01878
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